UTILIZATION OF PLANTAGO, PECTIN AND COMPRITOL FOR THE PRODUCTION OF SUSTAINED RELEASE TRAMADOL MATRIX TABLETS BY DIRECT COMPRESSION
Tramadol is an opioid analgesic. It is indicated for the relief of moderate to moderately sever pain across the full range of acute and chronic pain syndromes. Due to its short half-life (5 to 7 hours) and its short duration of action (3 to 7 hours), it was highly desirable to slow the rate of absorption of tramadol and spread the absorption process over a longer interval, with increasing patient compliance and decreasing the risk and severity of adverse effects. Consequently, sustained release tramadol tablets were prepared utilizing the following materials: Compritol (CT), Plantago (PT), Pectin (PC), and HPMC. The inclusion of HPMC with CT, prolongs the release of tramadol more than CT alone. Also, by increasing HPMC concentration more sustaining effect could be obtained, but at 15% less sustaining effect was observed. The inclusion of NaAlg retards the release more than NaCMC, either with or without Avicel. PC showed pronounced sustaining effect with NaAlg alone (either with or without Avicel) compared to those containing NaCMC alone or with NaAlg. However, in case of tablets containing PT; the inclusion of NaCMC, either alone or in combination with NaAlg, retards the release of drug more than NaAlg alone. Aiming for more sustaining properties smaller tablets (250 mg) containing the same proportions of CT and HPMC but lower % of Avicel, NaCMC or NaAlg were prepared. Formula containing NaCMC alone showed the most sustaining effect (more than Tramal ® ) followed by those including NaCMC and Avicel.
INTRODUCTION
Water swellable matrices are widely used for the production of sustained-release tablets mainly due to their optimal performance and easy manufacturing. Several hydrophilic polymers have been investigated for this purpose.
Hydroxypropylmethyl cellulose (HPMC) and sodium carboxymethyl cellulose (NaCMC) are the most frequently polymers used for formulating sustained release matrices. [1] [2] [3] [4] [5] [6] [7] [8] Egg albumin (EA) also has been evaluated as a swellable material for the production of controlled release tablets for water-soluble drugs, e.g. aminophylline 9 and, Ketorolac tromethamin, 10 as well as, for water insoluble drug, e.g., carbamazepine (CZ). 11 Plantago ovata seed husks have been utilized either alone 12 or in combination with other commonly used hydrophilic polymers 13 for this purpose. Also, Eudragit RS 100 and gum tragacanth have been evaluated. 14 The principal advantages of such polymers are that they can accommodate a high percentage of the drug and the drug release rate is generally independent of process variable. 15 The mechanism of drug release from these hydrophilic systems have been studied. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Tramadol HCl is a centrally acting nonnarcotic analgesic that is indicated for the treatment of moderate or moderately severe pain. 23 Because of the comparatively short halflife of tramadol (5 to 7 hours) and its short duration of action (3 to 7 hours), immediaterelease formulations of oral tramadol are usually taken four times daily at doses of 50 to 100 mg. However, the maintenance of an optimum dosage regimen by frequent dose administration (e.g. 4 times daily) is always hampered by the inconvenience for the patient and the risk of noncompliance. Therefore, it was highly desirable to slow the rate of absorption of tramadol and spread the absorption process over a longer interval, thus providing a prolonged therapeutic activity with increasing the compliance and convenience for the patient and decreasing the risk and severity of adverse effects.
Thus, the aim of work in this investigation was to prepare sustained release matrix tablets of tramadol using glyceryl behenate (Compritol) (CT), Plantago (PT), Pectin (PC), and HPMC as swellable polymers. Also, to study the physical properties and the dissolution characteristics of the prepared tablets.
EXPERIMENTAL

Materials
Tramadol 
Methods
Preparation of tablets
Matrix tablets of Tramadol HCl were prepared using the formula shown in Tables 1-3. These formulas were chosen after many trials designed to obtain different degrees of sustaining effect. The ingredients were mixed in a cubic mixer (Erweka, Turbula System S27, Germany) for 10 min, after passing through 335 µm mesh screen. The mixture was compressed into 0.4 g flat tablets (13 mm in diameter), as in Tables 1 and 2, or 0.25 g as in Table 3 , using a Korsch, tableting machine (Korsch EK/O, Germany). Constant rate tableting machine adjusted to obtain tablets of hardness between 70 and 90 Newton in every case. Aerosil 0.5 0.5 0.5 0.5 CT (1) : Compritol, (2) Additives: Pectin, PC, (E), Plantago, PT, (D), or HPMC, (C). 
Evaluation of tablets Uniformity of weight
Twenty tablets taken randomly were weighed individually and tested according to the USP/NF 1995 test (the deviation from the mean must not exceed ±5% for 0.4 g tablets and ±7.5% for 0.25 g ones). Also, the average weight, the standard deviation, and the coefficient of variation (C.V.%) were calculated.
Uniformity of diameter and thickness
The diameter and thickness of twenty tablets were determined individually using Erweka Hardness Tester TBH 30 , Germany. Also, the average and C.V. percent were calculated.
Tensile strength
The tensile strength (T s ) was calculated from the equation:
Where: "T" is the thickness, "D" is the diameter, and "H" is the hardness (in Newton, N) of the tablets (was determined using Erweka TBH 30 hardness tester) and the average hardness of 10 tablets taken randomly and the C.V.% can be also calculated.
Friability
The percentage weight loss was determined after rotation of twenty preweighed tablets for 4 min. at 25 rpm. using Erweka Friabilator TAR 20 .
Disintegration time
The average of time required for the disintegration of 6 tablets was also determined using Pharma Test, (Italy) apparatus.
Dissolution studies
A USP/NF 1995 Hanson dissolution apparatus with six baskets was employed for this purpose. One tablet was placed in each basket, rotating at 100 rpm in 900 ml of the dissolution medium (0.1 N HCl, pH 1.2, or phosphate buffer of pH 6.8) at 37°. The experiment was run for 6.5 hours. The acid medium was employed during the first three hours, and then it was replaced by the phosphate buffer medium for the next three and half hours. Filtered samples were withdrawn at suitable time intervals and replaced by equal volumes of dissolution medium kept at 37°. Samples were assayed spectrophotometrically, after appropriate dilution, at 270.7 nm for tramadol HCl.
RESULTS AND DISCUSSION
Because of the comparatively short halflife of tramadol HCl (5 to 7 hours) and its short duration of action (3 to 7 hours), it was highly desirable to slow the rate of absorption of tramadol and spread the absorption process over a longer interval, thus providing a prolonged therapeutic activity with increasing the compliance and convenience for the patient and decreasing the risk and severity of adverse effects. Consequently, sustained release tramadol tablets were prepared utilizing the following materials: Compritol (CT), Plantago (PT), Pectin (PC), and HPMC.
Tables 4-7 represent the physical properties of the prepared tramadol matrix tablets. All the tested formulations show acceptable friability values (FV) according to the USP/NF 1995 requirements (FV not exceeds 1% in all cases). The tensile strength (T s ) values were found to be suitable for all the prepared tablets. All the prepared tablets successfully fulfill the requirements with respect to the uniformity of weight (the deviation not exceed ±10% for all tablets). The uniformity of diameter was also acceptable for USP/NF 1995 requirements. The uniformity of thickness values was suitable. The disintegration time values (Table 4 ) revealed that; tramadol tablets (control formula) containing Avicel without sustaining vehicles showed very rapid disintegration time (less than 50 seconds), but those containing CT disintegrated through 30 min. Whereas, the inclusion of the tested sustaining vehicles, in the same formula, mostly retard the disintegration time of tablets to more than one hour.
Compritol (CT) is mainly used as a lubricant for tablet preparation. It has water repellant capacity. In this investigation it was tested for producing sustained release Tramadol tablets. Preliminary study was performed to evaluate its inclusion alone ( Table 1 ). The results obtained ( Fig. 1 ) reveal that it is more effective at 12 and 15 % concentrations. Pectin (PC) was tested for the production of tramadol sustained release tablets using the formulas shown in Table 2 . PC show pronounced sustaining effect with NaAlg alone (either with or without Avicel) compared to those containing NaCMC or NaCMC with NaAlg ( Figs. 2,3 ). Upon increasing the proportion of PC to 15 and 20% ( Fig. 4 ), no marked increase could be detected.
Recently, Plantago ovata seed husks have been successfully used as hydrophilic swellable material for sustaining drug release. 12, 13 The inclusion of NaCMC, either alone or in combination with NaAlg, (Figs. 5,6 ) retards the release of drug more than NaAlg alone (in contrast to PC formulations). However, in presence of Avicel, PT with NaCMC show very rapid release compared to Avicel alone or with NaAlg. This may also, be attributed to the strong disintegrating effect of such combination. This explanation may be confirmed by the results of the very rapid disintegration and dissolution obtained by increasing PT concentration with decreasing NaCMC (Fig. 7 ). Values between parentheses are the coefficient of variation (C.V)% Furthermore, HPMC, the most currently used swellable polymer, were included with CT for preparing tramadol sustained release tablets ( Table 3 and Figs. 8, 9) . Generally, this combination prolongs the release of tramadol more than CT alone. Also, by increasing HPMC concentration more sustaining effect could be obtained, but at 15% less sustaining is observed (Fig. 10 ). This may be attributed to the disintegrating effect of HPMC at this concentration. Figs. 12,13 revealed that the presence of NaAlg retard the release more than NaCMC, either with or without Avicel. Also, the effect of increasing HPMC (with decreasing NaCMC) was studied ( Fig. 10) . Less sustaining effect could be observed upon increasing HPMC concentration, which confirms the above results (i.e. the increasing of disintegration time at 15%). These results are Similar to those of PC.
A comparative study between the three tested sustaining materials (PC, PT and HPMC) revealed that PT show the most sustaining effect when included with NaCMC either alone (Fig. 11 ) or with NaAlg ( Fig. 12) , followed by HPMC then PC. However, the later two materials show better sustaining properties with NaAlg alone (Fig. 13 ) than with NaCMC ( Fig. 14) . On the other hand, the presence of Avicel, which is added to the formula as a direct compression vehicle, generally results in more rapid release, in most formulations, and this may be expected due to its known disintegrating effect. Thus, smaller tablets (250 mg) containing the same proportions of CT and HPMC but lower % of Avicel, NaCMC or NaAlg (Table 3 and Figs. 15, 16) were prepared aiming for more sustaining properties. The results obtained revealed that; formula containing NaCMC alone show the most sustaining effect (more than Tramal ® ) followed by those including NaCMC and Avicel.
Generally, it could be observed that the release of tramadol HCl from all formulations in acid medium (0.1 N HCl, pH 1.2) was pronouncedly more rapid than in phosphate buffer (pH 6.8). This may be explained by the higher solubility of HCl salt of tramadol in acid medium, while in phosphate buffer (pH 6.8) medium, the sodium ions react with the acid leaving the basic tramadol which is insoluble in water.
Upon studying the release kinetics utilizing Korsmeyer's equation:
Log Q = log K-n log t Where; Q is the amount of drug released at time t, n and k is the exponent and the kinetic constant of drug release, respectively.
The results obtained, which are presented in Tables 8 and 9, revealed that "n" values are nearly one for all the tested excipients either in acid or phosphate buffer medium indicating the recommended zero-order release kinetics. This means that constant dissolution rate could be detected all over the releasing time. 
CONCLUSION
From the results of this investigation it could be concluded that: 1-All the prepared tablets successfully fulfill the USP/NF 1995 requirements with respect to friability values, the uniformity of weight and diameter. The tensile strength (T s ) values were found to be suitable for all the prepared tablets. 2-Compritol is more effective for sustaining the tramadol release at 12 and 15% concentrations. PT showed the most sustaining effect when included with NaCMC either alone or with NaAlg, followed by HPMC then PC. However, the later two materials showed better sustaining properties with NaAlg alone than with NaCMC.
3-Smaller tablets (250 mg) containing
NaCMC alone showed the most sustaining effect (more than Tramal ® ) followed by those including NaCMC and Avicel. 4-Generally, the release of tramadol HCl from all formulations in acid medium (0.1 N HCl, pH 1.2) was pronouncedly more rapid than in phosphate buffer (pH 6.8).
Either in acid or phosphate buffer medium the release of tramadol was through the recommended zero-order release kinetics.
